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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither
the United States, nor the Commission, nor Allis-Chalmers Manufacturing Company,
nor any person acting on behalf of the Commission or Allis-Chalmers Manufacturing

Company :

A. Makes any warranty or representation to others, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the information contained
in this report, or that the use of any information, apparatus, method, or process dis-

closed in this report may not infringe privately owned rights; or

B. Assumes any liabilities to others with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or process disclosed

in this report.

As used in the above, ‘person acting onbehalf of the Commission or Allis-Chalmers
Manufacturing Company’ includes any employe or contractor of the Commission, or
Allis-Chalmers Manufacturing Company or employe of such contractor, to the extent
that such employe or contractor of the Commission, or Allis-Chalmers Manufacturing
Company or employe of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract with the Commission or

Allis-Chalmers Manufacturing Company or his employment with such contractor.
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FOREWORD

This is one of a series of reperts covering technical progress on the
research and development program being performed in connection with the
design of the Pathfinder Atomic Power Plant. This plant will be located
at a site near Sioux Falls, South Dakota and is scheduled for operation
in 1963. Owners and operators of the plant will be the Northern States
Power Company of Minneapolis, Minnesota.

The ¥. S. Atomic Energy Commission, through Contract No. AT(Ii-1)-589
with Northern States Power Company, and Central Wtilities Atomic_Power
Associates®* (CUAPA), are sponsors of the research and development
program.

Allis-Chalmers Manufacturing Company of Milwaukee, Wisconsin, under contract
with Northern States Power Company, is performing the research, development,
and design; and wi |l construct the plant including the reactor, which is
de5|gnafed the Conirolled Recirculation Boiling Reacter (CRBR) with

Nuc lear Superheater. Picneer Service and Engineering Cempany.of Chicago,
l1linois is providing the architect~engineer services to Allis-Chalmers.
Portions of the R & B program, particularly in connection with fuel '
development have been subcontracted by Allis-Chalmers.

* CUAPA VEMBER COMPANIES:

Interstate’ Power Company Northwestern Public Service Co.
lowa Power .and Light Company Otter-Tai |l Power Company

-lowa Southern UTilities Company St. Joseph Light & Power Co.
Madison Gas and Electric Company Western Power and Gas Company
Northern States Power Company Wisconsin Public Service Corp.




DESIGN DATA

CRBR W|TH NUCLEAR SUPERHMEATER

Plant

Power, boiler region ........c.oeiiuiiiiiiiiiiiineinennnnanen, 157,200 kw
Power, superheater region ........cciiiiiiiiiineeiiiennannnnas 42,400 kw
Steam flow at rated power ...... e it e e 616,125 Ibs/hr
Total core power ............ et et eie et e 199,600 kw
Gross electrical capability ....covii ity . 66,000 kw
Net electrical OUtPUT . oitit it ittt ittt it ieteennenannns 62,000 kw
Net efficiency ...t ittt iteeiinneasannecanns 31.0 per cent
Steam outlet pressure (reactor) ...........coieivveiiininnn.. 535 psig
Reactor operating PreSSUre ...ieeieesveernornneaoseonsanssnas 600 psig
Temperature, boiler region ........c.iiitiiiiiiiiiieininennn. 489 F
Outlet temperature, superheater region ......c...ceeveeneeenn. 825 F
Gross heat rate .......coviiiiiiiiinininnnnnnnennnss (0, 199 Btu/kw-hr
Reactor building size ......iiviiiiiiieinieninneess 50 ft+ dia x 120 ft
Reactor

Vessel size (over-all)..............oovvin. Il ft & in o.d. 36 ft -in
Total core dimenSIioNS ... ieueiioe oot uasnnnnsassnnsnns 6 f+t.x 6 ft
Dimensions of superheater region ........c.covviviveivinnn. 6 ft x 30 in
Fuel, boiler (Zr-2 clad) ............ approx. 2.2 per cent enriched WO,
Fuel, superheater ($.5. clad) ..,...... approx. 93 per cent enriched U0,
Fuei, loading, boiler (U=235) .....ciiiiiiiiiinenninnenennn. 145.6 Kg
Fuel, loading, superheater (Y=235) ......ccivierinnerinnnns 42 kg
Power density (boiler core coolant) ........cocoiviiiiaane. 87 kw/ liter
Average heat flux, boiler region ............civiun, 128,000 Btu/hr-f+2
Average heat flux, superheater region ............... 77,800 Btu/hr-f12
Max imum heat flux, boiler region ......ccvviinininnn. 462,000 Btu/hr-ft+2
Maximum heat flux, superheater region ............... 245,000 Btu/hr-f
Recirculation rate ........coviiviinnvnnnnnn. et 65,000 gpm
Recirculation PUMP POWEI .. .uttieeriiensrorennnsonsconasanas 823 kw
Neutron fluX ..cocenveoecenons e ee e reree e approx. 5 x 1013 n/cm2sec



3. NUCLEAR ANALYSIS



The ob jective of this project is te perform physics calculations such as
computer programming and operation, and to determine the critical mass,
neutron and. gamia -flux and power distribution, enrichment, coefficients of
reactivity, confrol rod effectiveness, and conversion ratio with respect
‘to a Pathfinder ¢ore with an integral high-enrichment superheater region.
An additional objective is to determine shielding requirements for the
Pathfinder plant.

3.1.1 PATHFINDER FIRST CORE HIGH ENRICHED
(3.2 w/o U-235) BOILER FUEL ELEMENTS

.In the last Pathfinder Quarterly Repert (ACNP-63016) the use of
boron stainless stee| p lates for negative reactivity shiﬁming was described.
in addifion To these negative shims, thirty-iwo boiler fuel elements wﬁfh
a higher enrichment (3.2 w/o Y-235) are available for positive reactivity
insertion in the first Pathfinder éore. To prevent an increase in the
maximum boiler heat flux at full power, these thirty-two elements are
l{mifed to insertion in those core locations not adjacent to a contrel red

channel. Figure 3.| shows the available core locaticns.

A previous analysis (described in Pathfinder Quarterly Progress Report
ACNP-6117) determined the reactivity worth of all thirty-two elements when
inserted in the reference core for hot operating cendition. For that
analysis, two-dimensional two-group diffusieon theory calculations were

utilized. The effect on radial power distribution was also analyzed.

A nuclear analysis was completed during the past Quarter (April-June, [963)

to determine the following additional information:

|. Reactivity worth for all thirty-two elements in the cold
critical core...




Shaded areas
.indicate
"Boiler locations
where 3.2 w/o
U235 elements
can be added,

_"F % 3?. &
L BK8 X
B ]

7BD5;

83l BC7 (Il BC6 i BCSY

| BB7.

Fig. 3.1...Boiler Element ldentification



2. Relative worth of individual boiler element locations
for the celd and hot operating conditions...

3. The effect of the addition of these higher enriched fuel
elements on the boi ler and superheater power distribution.

Perturbation theory was used to determine the relative worth of the
boi ler fuel element locations for both the cold and hot operating
conditions. Two-dimensional (XY), two-group adjoints and fluxes had been
obtained for analysis of the worth of the boron stainless stee! shims as.
described in ACNP-6117. They were obtained for the cold all-confrol:rods-
in core, and the hot voided all-control-rods-out core. Using these adjoints

and f luxes for the same core condition, and the follewing expression:

ak/k = ['f¢2*¢252a2 W+ O OyevE OV

il

F

+ [0 g av - [0 *0 5L, d ¢ (8% d‘]
[0 8 oveg oV - [0x0 55, v+ [4,(9, R

L% - * ,

+he relative worth.of the fuel element lecations in the boiler were

determined and are. shown in Table 3.1. The core locations in the table
represent all of the avai lable beiler element locations in each cere
octant. The 3.2 w/o elements will be loaded symmetrically by octant
into the core. The maximum worth location is normalized to 1.0 for

each condition.



Table 3.1 - RELATIVE WORTH OF BOILER ELEMENT LOCATIONS

Boi ler E lement¥*
Location in Core

Relative Worth

Re lative Worth, Het,
Yoided...All Rods Qut

BA TH*
BA" 8
BA 9
BB 7
B8 8
BB 9
BB 0%
BC 7
BC g
BC 9
BC 10
BD §¥*

8D 9

Gold...All Reds |n

.25
A3
.06
.42
.50
.32
.22
.63
.00
.66
.38
.89

.84

(Max. Worth)

* For identification of core locations, see Fig. 3.1

*¥% Possible 3.2 w/o.element

locations

.44
.40
.28
.83
77
61
.39
.95
.87
.93
.69

.81

1.00 (Max: Worth)

The reactivity werth had been obtained previously with all of these

elements added to the reference core in their specified locations (Fig. 3.1)

for the hot operating condition with all control rods withdrawn. During

reactor operation, the excess reactivity will be controlled by insertion

of groups of the outer eight control rods. Therefore, the reactivity worth
and, in particular, the effect that these elements have on the radial dis-

tribution has now been analyzed with the eight euter control reds inserted.

-12-



This analysis was made using explicit PDQ-XY calculations, and the results

are shown in Table 3.2. The worth of these elements rose from +.023 Ak/k

to +.029 Ak/k.wifh the ‘insertion of the control rods, but no adverse effect .

on power peaking was noted. With or without the control rods inserted, a
slight increase in the superheater power peak-fto-average -- and a slight
decrease in the boi ler power peak-to-average -- is obtained when these

e lements are added.

Table 3.2 - PATHFINDER PERFORMANCE Wi TH
3.2 W/0 ¥-235 ELEMENTS ADDED

Core " Superheater Superheater

Boi ler
Description keff Akeff ?ngr'Facfor P/A Power P/A Power_
Reference Core, No :
Control Rods |nserted 1.060 ~e—— . 1395 1.169 1,737
32 3.2 w/o Elements
added, No control rods o
inserted 1.083 .023 . 1340 1.174 1.636
Reference Core E
8 Quter Rods Tnserifed |1.004 —— ‘ . 1698 1.371 2.240
32 3.2 w/o Elements
added, 8 Quter Contrel . N )
Rods |nserted 1.033 .029 . 1542 1.394 2.138
Using perturbation theory nermalized to successive two-dimensional calcu-
lation results, the reactivity worth of the 3.2 w/o enriched elements
inserted in the cold all-rods-in core has been approximated. |In eorder to
maintain core symmetry, these elements will be utilized in groﬁps of eight.

The worth of each of the four groups has been approximated as mentioned

- '3-



above for the cold and hot operating condition - as shown in Table 3.3.
|f positive shim is necessary for full powsr operation, i+t is desirable
to insert 3.2 w/o fuel elements into those locations that yield the leas+
reactivity gain for the cold shutdown core and the most reactivity gain
for the hot operafiné'cére with all control rods withdrawn -- the end
of life confrél rod ééaaifion. |

Table 3.3.- EXPECTED REACTIVITY WORTH OF
| GROUPS OF HIGH ENRICHED ELEMENTS

Core Locations Where. .-~ Ak/k Cold Ak/k Hot Operating

Elements are Added (Fig. 3.1 Core Condition All _Rods Qut :

. BA.7, BA 6, BF I, BF 12. .
'BG |, . BG .12, BM 6, BM 7 + .0035 + .0040

B8 3, BB 10, BC 2, BC |1
BK 2, BK I'l,-BL 3, BL 10 . +..0031 + .0036 - -

B 3, 10,78k 5, 8K 8 + .0140 + .0080

BD' 5, BD 8, BE 4, BE 9

BH 4, BH 9, BJ 5, BJ 8 + 0124 + .0074

Based on the resulfs'in Table 3.3, 3.2 elements will be inserfed‘jusf in
.jocafions BA 7, efc; .i..Then 1oca+iohs BB 3, efc...then Iocé#ions 8D 5,

etc... andfinally locations BC 5, etc. :

- 14~



PART B

POST CONSTRUCTION R&D




The objectives of this préject are to design and fabricate
a special oscillator rod and drive mechanism together with suitable
instrumentation and recording equipment to measure and record the
resulting variations in neutron flux, and to cemduct oscillator
tests to verify dynamic performance calculations and to determine

experimentally the stability of the reactor system. |n addition,
certain measurements of power, flows, pressures, and temperatures
will be made to determine. the transient response of the reactor
system. The data will be analyzed to determine certain dynamic
parameters. :

1.0.1 DYNAMICS
1.0.1.1 |n-Core lon Chambérs

"The in-core ion chamber system which has been previously reviewed
(ACNP-62005, Pathfinder Progresé’Reporf, October-December 1961) was
brought to about 80 per cent completion during the present quaéfer.
For review, Figure |.| shows the owverall layout of the mechanical

features of the system ...Figure |.2 shows the imstrumentation system.

The mechanical support structure has been successfully placed in the
reactor, with the exception of the dummy fuel elements. These dummy
.superheater elements are being fabricated and are being wfapped with a
thin silver foil. This foil will be sandwiched between thin stainless
sfeél cylinders and fabricated to The'same end-welding spécificafions

as the superheater fuel elements in order to prevent silver contamination
of the reactor system. The silver is necessary Té provide neutrom
absorption, which will thus prevent undesirable flux peaking in adjacent

superheater elements.

-16-



CALORIMETER

. \ ELEY (329-0"

L [ ¢ ), I |

-z

L L2, 1327°4°_T0P OF ceQ

132C-¢" SHIELD FOOL WATER LEVEL %”

CALORIMETER EXHAUST
T

UBING ELEV, 1325° /1%

1324~ 14"
BADIATION SHIELD PLUG
1322-8%' TOP C.BD STEADY AR

ATTACHMENT TO C.R.D

BADIATION SHIELD PLUS

‘3

N

JUNCTION

13097

1307-3"

1304~ 4% T0P

OF S.H CHIMNEY

TUBE SHEET
GUIDE & SEAL

13025 S.u
#“‘a{ SHEET
TOP OF HOLD
DOWN 12997

e

1293-11" TOP OF ———
BOILER COFE SHROUD N !

»

3|

| -r/esT 108
CHAMBER
ELEVATION

L ~SECOND oV
CHAMBER
ELEVATION

|~ THIRD 10N
CHAMBLR
ELEVATION

-7~

==

SIECE

MID-SECTION GUIDE
/s SEAL DUMMY

FUEL ROD

END PIECE
DUMMY FUEL £POD

Fig. |.1...lon Chamber Support and Guide Structure

SLIP-ON FLANGE

secTion XK

AN SSNNY

/777772727 77777 7777777 7]

WIRE THIMBLES

(43-002-464)




..8‘ -

FAST RESPONSE
RECORDER

POWER SUPPLY ‘
A MICROAMMETER
ION CHAMBER
CHANNEL B LINEAR
”f’,‘gg@ SUPPLY MICROAMMETER
CHANNEL C
ION CHAMBER LINEAR
SELECTOR swwcHEs ﬁ?&%‘ SUPPLY MICROAMME TER

FAST RESPONSE
RECORDER

FAST RESPONSE
RECORDER

FLUX WIRE THIMBLES

PRESSURE SEAL SECTION }

SUPPORTING GUIDE TUBE

'

TO
ION
CHAMBER
SECTION

Fig. 1.2...In=Core lon Chamber -instrumentation Block Diagram and lon Chamber

FROM AIEE CP6I-929
& GEC-1733

ml<e

ION CHAMBER SECTION —|—%

/'

i

30.D—F
v

77

P22 2200
D oy A

V

ALUMINA INSULATION

URANIUM-ALUMINIUM ALLOY
SLEEVE

OUTER CASE -STAINLESS STEEL

EVACUATION TUBE

(43-024-933)



CAL, ON

Figure 1.3 shows one of the three flﬁx wire drive devices. These

mechanisms will be manually operated to insert and withdraw the Cu-Ti
caliSrafion wire into the three flux wire fhimﬁ]es. (One thimble is
bui It into each ion-chamber bundle). Studies have shown that each of

the Cu-Ti wires will be irradiated for about 20 minutes at full power.

A decay period of about 12 hours will then be necessary in order to allow

the Mn56 isotopes to decay. The backscatter of the Mn56

interferes with the Cu64 .51 Mev y which is the disintegration product

(.84) Mev vy

that will be counted. Figure |.4 shows the activity history of a section
of a 6-inch piece of Cu-Ti wire that was irradiated in CP-S at Argonne
National Laborafory and that was subsequently counted in the Wire
Counting facilify. This Wire Counting Facility is fﬁe same one that
will be used at the reactor site to count the f lux cafibraTion wire.
Thus, good estimates are now on hand for counter geomeTry effects and
counting techniques. The total number of counts per inch of wire

(integral count method) will be used to indicate wire activity.

Figure 1.5 is a block diagram of the Wire Counting Facility. This
equipment, from the Allis-Chalmers Critical Facility, will
automatical ly decay-correct the irradiated wire sample and with the
drive motor, automatically drive the wire past the scintillation

counter.
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Fig. 1.3...Manual Flux Wire Drives
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INSTRUMENTATION SYSTEM

The instrumentation system (shown in block diagram form in Figure 1.2)
is shown in photo form in Figure |.6. The three power supplies (banéry
system) will supply the 100 Vv for the ion chambers. The meters "A" will
indicate the chamber voltage. The switches "B" will selécf the voltage
desired for the chamber selected. (Note that three of the nine ion
chambers can be simultaneously read and recorded). A battery charging
system and simulated load are provided for battery protection. The
micro-microammeter "C" (Keithley #414) will be used to convert the ion
chamber current to a readable volTage: A lthough these are multi-range
instruments capable of reading current from IO“II to 10_3 amps, the

low sensitivity of the ion chambers themselves will limit usefulness

of this system to powers above about 7 MW(thermal) on Pathfinder. The
switches "D" select the three of the 9 chambers that are to be recorded.
In order to make a reasonable switching arrangement, switches were
arranged so that 72 out of a possible 84 combinations of three could be

selected. These are the most probable combinations of three.

The switches "D" operate a series of coaxial switches specially con-
structed so as to minimize noise and stray pickup in the switch box.
Figure |.7 shows a view of the coaxial switches and also a view of

the battery power supply.

Figure 1.8 is an elementary block diagram of the in-core instrumentation

cabinet.
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OPERATION AND USE

During Phase | of the startup, a piece of the Cu-Ti wire will be
irradiated in a known standard flux and its acfivify compared to the
activity of wire irradiated in Pathfinder. (ACNP-61!12, "Program and
Organization Preoperational and Nuclear Testing," providés details of
startup experiments). The flux in superheater and boiler fuel cells
adjacenf to the ion chamber locations will be calculated: Thus a
correlation will be ebtained between adjacent fqél cell fluxes and
known wire readings. Corresponding superheater fuel surface tempera-
tures will also be calculated in fuel cells adjacent to ion chamber
locations. As a result, the calibration wire readings will be compared
to-calculated fluxes for future extrapolations (at power) 6f boi ler

heat fluxes and superheater fuel surface Tempera+ures.

ln‘PHase I1l, the above extrapelations will be carried out so that the

jon ehanbers can be used to detect dynamic and static flux tilts in both
the boiler and superheater, as well as local flux peaking. The calibration
'yjrg will, of course, be also used to calibrate the ion chambers as a

fgpgfion of reactor operating history.

During oscillation tests above 20 MW(thermal), phase differences of ion
chambers signals in various directions will be observed; this may or may

not ‘give stability information, depending on the reliability of the dafa.'_

will be compared to the permanent ouf-of—co}e ion chambers to judge the

usefulness of the in-core system as an aid to the reactor operator.
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The purpose of inspecting Pathfinder core components is to estab lish
operation effects on mechanical, metallurgical, and chemical characteristics
of these components. ‘

3.0.1 GENERAL TEST METHOD

Selected core components will be remerd frem the core for. underwater
inspection in the storage pool of will be inspected in place in fhé core.
If any defects or effects are encountered which are felt to be of
sufficient interest, the component will be removed. and shibped to a
radiometal lurgical facility for destructive examinatien. All such

work will be carefully recorded and reported.
3.0.2 TEST PROCEDURE

3.0.2. ' Pre-lrradiation Measurements

During fabricéfion of the core compomen+s, appropriate measurements and

other data will be recorded in the vendors' faci lity.

'3.0.2.2 |n the Case of Malfunctions

If at any time during Phases |, Il and |I| operation of the reactor
there appears to be a malfunction of a core component which reduces the
operating performance of the reactor, the reactor will be shut down and

the suspected component removed and subJécfed 1o a visual inspection.
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3.0.3 |INSPECTION PROCEDURES

I there are no apparent malfunctions, the inspection procedures

summarized below will be incorporated.

3.0.3.1  Pathfinder Core | RML Post-lrradiation |nspection Program

This inspection program will be perférmed in the hot lab of Battelle
Memorial Institute at Co lumbus, bhio. The ob jectives of the inspection
are to determine (1) core performance, (2) corrosion-crud analysis,

(3) mechanical behavior and (4) material berformance. Separate detailed
inépecffon programs have been aefined for the boiler and superheater core..
The fuel elements will receive a cursory inspection under water prior tfo

shipping fto BM{.

" Two boiler elements will be removed from the core at/or near end of life
and shipped to the hot lab. Tte elements will be disassembled sufficiently

to remove selected fuel pins for gamma scanning. Following gamma scanning,

fuel samples will be extracted for burnup analysis. The experimental data
will be used tfo determine the integrated power distribution within the
fuel element. During disassembly, the elements will be given a visual

examination. No other detailed examinations are planned unless a ma jor

defect is observed.

Three éuperheafer fuel elements will be removed from the goré at mid-life
and end-of-life and shipped to BM| for post-irradiation inspection. The

elements will be disassembled for gamma scanning and burnup analysis for
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determining integrated power distribution. The elements will receive a
very thorough visual examination. At least one element will receive a
detalled examination for crud and corrosion effects. The reméining elemen+s
will be examined fo measure their mechanical behavior and to observe material

‘performance.

3.0.3.2 Pathfinder Underwater Post-|rradiation |nspection Program

This program includes remote inspecfion, using ah underwater. periscope,

6f fuel elements and control reods, both boiler and superheater, and boiler
boxes andJsuperheafer inner insulating tubes. Both direct visual and
photographic techniques will be‘employed. The examination will help to
determine the effects of reactor operation on the dimensional integrity
and corrosion Fesigfance of the compoments. |t will also bé used to
"screen" the reactor componeﬁfs to help select those to be shipped out

‘for the hot lab inspection.
3.0.4 CONTROL ROD INSPECTIONS

In order to more closely investigate the core performance of the
confrél rods, the maximum-burnup boiler and superheater control rod will
be pulled out and inspected at each refueling. The surfaces of the

control rods will be examined for surface cracks and other discontinuities.

The superheater red will be checked for excessive swelling.

| f any defects which are judged to adversely affect reactor operation are

discovered, all the rods will be inspected in the same manner.

..30_



The objectives of this project are to irradiate reactor vesse! and
steam |ine material samp:les and periodically examine them for embrittlement.
Additional ob jectives are to determine the pre-startup flow distribution
into the boiler core, to determine the two-phase interface in the operating
reactor, and to determine the moisture carryover through the steam dryer
inte the superheater.

4.0.1 MATERIAL SURVE!LLANCE AND INSPECTION

4.0.1.1 Reacter Vessel Material |rradiation Samp les

There are provisions in the PaThfinder.reacfor vesse| for 30 groups of
material samp les for material surveillance and other programs. Two

samp le holders are attached to each of |5 steam separator groups‘direcfly
opposite the core. Fifteen (15) sample holders are located near the vesse|
wall and the remaining |5 are located near the vesse! core for accelerated

tests.

Eaéh samp le group may contain one er'fwo saﬁple capsules. Each stainless
steel capsule, containing three Charpy specimens, is evacuated and pressurized
with helium. Tight fitting alumfnum spacers are used to improve heat transfer.
Samp les of the vessel material will be periodically removed froﬁ the reactor
and‘Tesfed'fhroughoufffhe lifetime of the reactor to detect the change in
physical properfieé. Reference physical properties have beer measured.and
were as follows: Tensile strength, 78,000 psi; yield. point, 49,500 psi;
elongation, 32%; R "A" hardness, 48.5-50. Transition temperature ductility’
curve is shown on Fig. 4.1l. The frequéncy of such tests wi Il be determined

after the first sahples, including the accelerated test samples nearer the
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core, have'beén removed and tested. Fifteen test éapsules have been
prepared and shipped to the site. Three contain eight (8) Charpy V-notch
test specimens and six (6) tensile épecimens each. Two (é) of these tensile
specimens are stressed. fhe other twelve capsules cénfain‘eighf (8) Charpy
V-notch and two unstressed tensile specimens each. F.igures 4.2 and 4.3

show test capsules for stressed and unstressed tensile specimens respectively.

4.0.1.2 Steam Line |rradiation Samples

For steam line 6nly'impac+ strength will be surveyed. Charpy V-notch
irradiation samp les have been prepared from a section of the steam line
that was removed at the containment vessel expansion joint. A number of
tHe samp les have been brokem fto establish the reference transition temperature
ductility curve shown in Fig. 4.4. Fifty-six samples will be encapsulated,
eight per capsule, and will be inserted for irradiation imn a sample holder
under the steam line elbow. A handling toel for removal of these éambles
has been designed and built. These samples will be periodically removed
and tested, based on calculated exposure. Fast neutron exposure of all

the samples will be determined by chemical separation of Mhsl from the

' Fé54 + n = Mn54'+ p transformation. The threshold for this reaction has
been variously reported from 3.1 Mev to 5 Mev. There is evidence that this
method may be reasonably extrapeclated to include neutron energies as low

as | Mev.
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4.0.2 INSTRUMENTATION
Instrumentation for measuring the flow distribution in the boiler
core has been designed and shipped to the sf+e. I+ consists of aﬁ.
impaéf tube - manometer setup. The impact tube will be placed over
repres=ntative boiler core orif{ces and the relative vélbcify head
will be measured for various recirculation pump combinations. This
will be compared with the results of a mockup of the recirculation

loop reported in ACNP-5920 in which air was used to simulate water.

4.0.3 TWO-PHASE |NTERFACE
The two-phase” interface will be determined by measuring fhe
f low through three detectors located in the reactor vessel énd'
positioned at | ft+ 3 in., 2 ft+ 9 in., and 3 ft+ 3 in. ot indicated
reécfor water level. The de+ecfor consists of a tube with the end.

plugged and with a 0.040 in. hole drilled in its wall (Fig. 4.5).

In order to lessen the effect of Tufbu]ence at the two-phase inferfaéé
a tilter and a baffle éurround the orifice. From the orifice fhe'f!ow
pésses out of the reactor via a tube, is condensed and is neasufed'on a
EoTomeTer type flow meter. The flow rate through the oritfice is é
function of its position above the two-phase interface. This flow
rate has been experimenfélly detfermined in a serieslof tests in

which §Team was bubbled through water at various pressures. The

steam rates simulated those of the Pathfinder reactor. These results

will be used to correlate the steam-water interface in the Pathfinder

and aﬁe shown in Fig. 4.6.
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4.0.4 STEAM DRYER EFFICIENCY

The steam dryer efficiency will be determined by measuring the
moisture content of the steam before and after it passes through the
steam dryer. The quality of steam from sampling point ahead of the steam
dryer is determined in a throttling calerimeter. The steam from sampling
point after the steam dryer, passes through a supefheafing caloerimeter.
Here the steam is electrically heated to a few degrees of superheat and
the temperature measured. The power input fo the steam is measured
with an accurate wattmeter. After leaving the calorimeter, the steam
i$ condensed and its flow rate is measured on a rotemeter-type flowmeter.

From these results, its quality is determined.

4.0.5 LIQUID LEVEL PANEL BOARD
| nstrumentation for.Twé-phase interface and steam dryer efficiency
determination has been assembled onto a panel board (Fig. 4.7) and has

-

been shipped to the Pathfinder site.
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An initial startup program for Pathfinder has been specified.

" Test procedure specification and pre-testing analysis are currently in
progress. |n subsequent quarters, the results of the pre-testing analysis,
experiments, and final analysis will be covered in Pathfinder Quarterly
Reports. In this current report, the principal physics tests, their
purpose, and the experimental procedure are briefly described.

6.0.1 [INTRODUCTION
The initial nuclear startup brogram for the Pathfinder Atomic »

Power Plant consists of a series of tests designed to demonstrate the
physics performance of the reactor and the validity of the analytical
mode | used in the reactor physics design. These tests are sequénced in
their order of increasing reactor power level i.e., all tests at a given
power level are performed before the power is raised to the next higher
level. Results from the design énalysis and critical facility experiments

-are utilized and compared with measured results from this program. Results

from each test are used to predict the performance and safeguards evaluation

of subsequent tests.

6.0.2. INITIAL CORE LOADING
To provide a basis for verification of the analyficallmefhods used .to
compu+e criticality of the Pathfinder reactor and for managehenf of fuéf
loading in subsequent operations, initial criticality is achieved fn steps
for  core configurations of increasing complexity frem the minimum critical

boi ler fuel mass to the full integral superheat core.
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6.0.2.1 Boiler Slab Core Loading and Criticality

The number and configuration of the boiler elements for this minimum
mass criticality test are to be predicted by calculations and extrapo-

,Iafiqn of Pathfinder critical facility slab experiments.

fhree startup chambers are located in the vessel outside the boiler

fuel region. A 6-curie Pu-Be neutron source is located at the periphery

of the superheater region. Ten 2.2 w/o U-235 enriched boi ler fuel elements
are loaded into the dry core to form a slab array. The neutron population
is monitored during the loading. A control rod worth about 4 per cent
Ak/k "is cocked. The neutron multiplication is monitored as water is

added to the vessel. At specified levels, water addition is stopped and
count rates are taken. The maximum rate of flow shall not exceed that
which corresponds'To a maximum reactivity addition rate of about two

cents per second for multiplication (k) values greater than 0.8.

The calculated shutdown margin of this minimum critical mass assembly
with all control rods full in is 14 per cent Ak/k. The slab core loading
and water fill are performed as if criticality is expected at any point
even though the fully moderated assembly is expected to be at least 10
per cent Ak/k sub-critical with a roed cocked (4 per cent Ak/K). AtT any
point the water level can be reduced. Criticality is not to Be achieved
at any time during the fuel loading or water fill. 1f criticality is
predicted at any time, the core region is to be drained and fuel removed

to reduce reactivity.
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Criticality is approached by the withdrawal of beiler contrel rods. |f
criticality is not achieved, the core is drained and a single 2.2 w/o
boiler element added to the slab. The coré is again water-filled and
crifica]ify is approached by control rod withdrawal. These steps are
repeated adding a single 2.2 w/o boi ler element at each step until
criticality is achieved. After initial criticality is achieved, %he
core is drained, and the test is repeated adding an additional 2.2 w/e
boiler fuel element to determine the incremental increase in core

reactivity associated with a single boiler element.

Initial criTica]iTy is not anticipated with the first slab loading
éince the number of fuel elements in Thg loading is to be one less than
the number of elements predicted to form a critical mass, giving due
consideration to uncertainties. However, if initial criticality is
achieved on the first slab loading, the core is to be drained, one
element removed and the test repeated until the minimum critical mass

is reached.

6.0.2.2 Beiler Full Core Loading Criticality

With the core drained, boron-stainless steel poison shims worth approxi-
mately 4 per cent Ak/k are inserted between predetermined boiler fuel"
boxes. The 2.2 w/o boiler elements are added to complete the boiler core

(96 2.2 elements). The neutron population is monitored during this process.

Control rods worth about 4 per cent Ak/k are cocked. The neutron multi-
plication is monitored as water is added te the vessel. AT specified
levels, water addition is stopped and count rates are taken.
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The calculated shutdown margin of this assembly with all rods and 4 per
cent Ak/k in poison shims inserted -is approximately 10 per cent Ak/k.
Criticality is not to be achieved at any time during fue! addition or
water fill. |If criticality is predicted at any time, the core region

is to be draihed and additional poison shims added to reduce reactivity.

Criticality is to be achieved by the withdrawal of control rods. After
the reactor is critical at a low power, a red drop measurement is per-
formed to estimate the shutdown nargim; The poison shims are removed in

steps, and shutdown data are recorded for each step.

6.0.3 PHASE | 200 KW (TH) OR LESS

Phase | experiments are performed at low power and -ambient conditions
to esfablisthhe reference core. Critical control rod configurations,
core power distributions, and reactivity coefficients are measured for
the reference core. Control rods are calibrated during the performance
of those tests which require calibrated rod data for test interpretation.
These- experimental results are to be compared with calculations. These
measurements and comparisons are also to provide verification of the
shutdown reactivity margin and thermal margin and the validity of the

analytical mode!| used for the design calculations ef Pathfinder.

6.0.3.1 Superheater Fuel Loading and Full Core Criticality

All poisen shims (worth approximately 6% per cent Ak/k) are loaded into
the dry core. The superheater fuel is loaded, and the neutron population
is monitored during this loading. Control rods worth about 4 per cent

Ak/k are cocked. The neutron multiplication is monitored as water is
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added to the vessel. At specified levels, water addition is stopped

and count rates are taken.

The superheater steam passages remain voided (most reactive configuration).
during water additien. The calculaféd shutdown margin Qf this assembly
with all rods and poison shims inserted is approximately |0 per cent Ak/k.
The superheater fuel loading and water fill are performed as though
criticality were expected at any point, even though the moderated assembly
is expected to be at least 6 per cent Ak/k sub-critical with the cocked
rod pattern (4 per cent Ak/k). At any point the water level can be

reduced.

Criticality is to be achieved by the withdrawal of boiler control rods.
After the reactor is critical at a low power, a rod drop measurement is

performed.

6.0.3.2 Establishment of the Reference Core

The reference core is defined as that full core which is just sub-critical

Wifh the most reactive control rod withdrawn and the superheater voided.

‘Poison shims are removed incremen?ally until this criterion is met, thereby
establishing the reference core. |f the most-reactive-rod-withdrawn
criterion is met with substantial shutdown margin, positive shim boiler
fuel elements (3.2 w/o B-235 enrichment) are available to increase the

core excess reactivity for operational burposes. During the establishment
of the reference core, all control reds.in shutdown data aré also recorded

as a function of poison shim removal.
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6.0.3.3 Reference Core Qold Flooding Coefficient

Because of the superheater central location, the effect on core
reactivity of flooding the superheater is of interest. With the reactor
shut down, the superheater steam passages are flooded. The reactor is
brought to criticality and the reacfivify defect associated with flooding
the steam passages is evaluated by means of a calibrated boi ler contrel |

rod.

6.0.3.4 Core Flux Mapping

At each of appfoximafely seven different control rod configurations,

U-Al flux wires are loaded into the superheater and boiler. The cencen-
tration of boron added to.the moderator is varfed to provide contro| fod
configurations typical of those to be encountered during operation from
reacter sTarTup to the control-reds-ful l-out condition. The data are
analyzed for superheater-boiler power sharing, axial power shapes,
symmetry of core radial power disfribufioh, boi ler and superheater radial

pewer peaks, and nuclear instrumentation calibration.

6.0.3.5 |nsertion of Reacter Source and Refueling Test

The‘6-curie Pu-Be source is used initially for health physics considerations
during the dry loading and for easier testing. Preparatery te further
testing, the reactor source (IOIO n/sec) 'is loaded in the core, and the
Pu-Be source is removed. The reactor vessel ‘is comp letely filled,

inc luding the superheater steam passages, during this operation. Reference
core criticality is repeated to correlate the regular instrumentation

indication to kmown conditions.
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For refueling purpeses, the maximum reactivity increase associated with
t+he insertion of a boiler fuel element into a water-filled box is deter-
mined. Several boiler box locations with all rods in are to be investi-

gated. The worth of both 2.2 w/o and 3.2 w/o boiler elements is to be

C

determined.

6.0.3.6 Cold Core Pressurization
The system is gradually pressurized. A _calibrated boiler control rod
is used to determine the reactivity change resulting from the pressuri-

zation over 50 psi increments fTo 600 psi.

6.0.3.7 Temperature Coefficient

The TempeFaTure coefficient is measured from ambient to 440 F. W}Th the
superheater f looded, the reactor is pressurized fto 600 psig To'prevenT
beiling during this test. The reactor is taken critical and a siow

heating rate is established with the startup heater. A single boiler
control rod is withdrawn to yield a 30-seconq period - and then inserted.
The temperature is increased by 10 F...the same boiler rod withdrawn tfo
the same position...and the period measured. Criticality is re~established

and a second boiler rod withdrawn to yield a 30-second period, and so on.

6.0.3.8 Hot Core Flooding Coefficient

The reactivity change associated in floeding the superheater steam
passages with approximate ly 440 F water is determined by means of a
calibrated control rod. This test is performed in the same manner

as the cold core flooding coefficient.
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6.0.4 FWLL PONER OR LESS
Full power is appreached in about tive steps. At each power level

the following physics tests are performed.

6.0.4.]1 Radiation TJesting

Radiation level data are taken at many positions throughout The'planf.
In addition to health physics considerations, the data are taken to

Qerify the analytical model used for Pathfinder shielding calculations.

6.0.4.2 Xenon Reactivity

The reactivity associated with transient xemon is determined at several
power levels by operation until near equilibrium poisoning 'is reached.

Then. the reactor power level is reduced substantially and the resultant
feacfivify charges followed with control rod movement until essentially
all xenen has decayed. Rod calibrations are performed during the transient .
follow. The effects of samarium transients are included by approprfafe

analysis of the operating history.
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